In the study of telescopic boom dynamics, section deformation is often neglected. However, it has an important impact on the performance of the telescopic boom. In this paper, a one-dimensional dynamic model of hexagonal telescopic boom structure considering the cross-section deformation is established. The model considers the displacement field through the linearly superimposing of 29 basis deformation modes, which stem from the discretization of the cross-section into 8 segments. The corresponding deformation function approximated with Hermite interpolation. Involved with the principle of Hamilton, the governing equation is deduced, which is then interpolated with quadratic Lagrange for the finite element implementation. The accuracy of the new model in capturing dynamic characteristics of telescopic boom is proved by a special example.
Introduction
Telescopic boom is mostly used in engineering vehicles or other transport vehicles for a large bearing capacity in a small range and long working distance and high working height under the allowed load [1] . However, they are usually susceptible to cross-section deformation because the telescopic boom is thin. And cross-section deformation has a great influence on its performance [2] . Therefore, the effects of cross-section deformation should be considered in the dynamic modeling of telescopic boom's structure.
In recent years, many scholars have studied the section deformation of telescopic boom's structure. Li [3] studies the deformation of the web of the telescopic boom beam of the loader during operation. Jia et al. [4] discuss the relationship between stress, wrinkle and buckling of crane telescopic boom. Recently, Li et al. [5] study and summarize the influence of different cross-section shapes of telescopic boom of truck crane on its overall stability. Cheng et al. [6] establish the optimization mathematical model of telescopic arm in warehouse system. However, these models are not qualified to capture the out-of-plane and in-plane cross-section deformation of the telescopic boom completely.
The dynamic theory of flexible body system is indispensable considering the deformable cross-section of telescopic boom. Unit coupling shape function [7] and element elastic displacement field [8] are useful to describe flexible deformation, which could explain the deformation of thin-walled structures, including bending and torsion. In modal analysis, the key is to construct a or a series of [9] specific generalized eigenvalue problems to define mutually orthogonal deformation modes, such as lateral stretching mode and shear mode [10] .
In this paper, a one-dimensional model for hexagonal telescopic boom considering section deformation is proposed. First, the section is discretized by interpolation method, and the displacement of discrete points is used to replace the actual displacement. Then, the similar deformation modes are linearly superposed, and the three-dimensional displacement field is reduced to one-dimensional. Using the Hamilton principle to derive the governing equation. And, the governing equations are interpolated, converted to a finite element format, and further applied in numerical examples. The rationality of the model is verified by ANSYS shell element. Figure 1 shows the hexagonal telescopic boom's structure. The displacement field has three directions, including axial u, tangential v and normal w, which direction along the axis of the local coordinate system is positive. Local coordinate system is defined by axial n, tangential s and normal z components. The origin of the global coordinate system (x, y, z) lies at one end. There are six natural joints in the cross section, which connect adjacent walls. Since the width walls are longer than other wall lengths, nodes 7 and 8 are introduced to improve the accuracy of capturing cross-section deformation. It should be noted that not all of the above basis deformation modes ( Figure 2 ) can be considered as the final deformation modes. To improve calculation efficiency, some special basic deformation modes can be combined into a new deformation mode. As shown in Figure 3 , modes 7 and 8, 23 and 24, 31 and 32 could be combined into one deformation mode respectively, which could be observed in the actual experiment. Then the 32 deformation modes reduce to 29 deformation modes. The deformation mode is related to the selected node and the applied displacement. The deformation function is represented by a basis function containing the variable s, and the deformation mode is derived in a matrix form.
Cross-section Analysis and Displacement Field
The displacement variable is approximated by the basis function on the cross section [11] . 
ψ , 2 ψ and 3 ψ correspond to the set of basis functions. The three-dimensional displacement can be expressed as:
On the assumption of small displacement, the deformation and the corresponding stress fields are as follows: 
where G, v and E are the shear modulus, Poisson's ratio and material Young's modulus.
Governing Equation
By applying the Hamiltonian principle, the strain energy, the potential energy, and the kinetic energy are given by the following equations.
where ρ and p are the material density and the loading vector; L, A and V are the length of the structure, sectional area and volume. Applying the Hamiltonian principle to the governing equation.
where La = T -U -UP, and t1 and t2 are start and end times. According to (5)- (8) , the governing equation of the telescopic boom's structure is as follows: 
Finite Element Implementation
Using quadratic interpolation functions to approximate the axial displacement field within the telescopic boom unit.
(12) where X and N are the displacement vector and the matrix of function, respectively. Equation (11) can be further written as:
where l and z are the length of the unit and coordinate variables in a unit.
Combining (9) and (12) leads to the finite element form:
where m, k and f are the mass matrix, the stiffness matrix and the force matrix, respectively.
Numerical Example
To Here the new model is employed to study the free vibration of the telescopic boom of the aerial work vehicle. As shown in Table 1 , the first 8 natural frequencies are obtained by using 30 proposed elements and ANSYS shell element respectively. The ANSYS model is discretized into 1663 Shell 181 4-node units with 30 in the length direction. As shown in Table 1 , the natural frequency obtained by this model is very close to those calculated by the ANSYS shell element, and the relative error is less than 3.5%. To further verify the mechanical properties of the telescopic boom, Figure 4 provides the first 8 modal shapes calculated by the model and ANSYS, respectively. The calculation result of the telescopic boom of the aerial work vehicle is reliable by the comparison of the modal shapes.
Summary
In consideration of the cross-sectional deformation, a new one-dimensional model for telescopic boom's structure has been proposed. In this model, approximate description of section deformation is made by interpolation at 8 discretized nodes. The deformation mode on the cross section of the telescopic boom is represented by a linear superposition of the basis functions. The governing equation is derived by using the Hamilton principle. In addition, the governing equations are interpolated, converted to a finite element format. The numerical example shows good agreement of the proposed one-dimensional model with two-dimensional shell element and proves the potential of capturing three-dimensional deformation of the hexagonal telescopic boom. Equipment and Intelligent Technology. 
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